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Abstract
A circuit of a dc superconducting fault current limiter with a direct current circuit-breaker for a nominal current 300 A
is proposed. It includes the 2G high temperature superconducting (HTS) tapes and the high-speed dc vacuum circuit-
breaker. The test results of current-limiting capacity and recovery time of superconductivity after current fault at voltage
up to 3 kV are presented.
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1. Introduction
A superconducting resistive fault current limiter (FCL) is an eﬀective tool to protect an electrical equip-
ment from damages at short circuit. Such a limiter can be designed using 2G HTS tapes. A required amount
of HTS tapes for FCL is determined by the amplitude and time duration of a current fault [1, 2, 3]. A ma-
jority of publications about FCL were concerned to the design of the ac limiters whereas the attend to the
dc fault current limiters is inadequate to give a reasonable solution of the problem [4, 5]. To decrease the
amount of HTS tapes it is reasonable to add the high-speed dc vacuum circuit-breaker to a superconducting
FCL. A break-time of the breaker is not higher than 10 ms. This paper deals with an experimental study of
the dc fault current limiter model for a voltage 3.5 kV and a nominal current up to 300 A.
2. Experiment
Our model contains the HTS element with a number of superconducting tapes connected in series R2,
the high-speed dc vacuum circuit-breaker B with an electromagnetic drive and a circuit of counterﬂowC1L1,
and a triggered vacuum switch P [6, 7]. A principle circuit of the model is presented in Fig. 1. A nonlinear
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resistance R1 is switched on parallel to a subcircuit containing the HTS element and dc vacuum circuit-
breaker. This resistance provides an absorbtion of the energy accumulated within the electrical network
and a limitation of the overload switching voltages which appear after a current is switched oﬀ. The circuit
of counterﬂow is connected to a circuit-breaker by means of the switch P. This key is switched on after
the circuit-breaker B has been switched oﬀ. The ac current with a frequency ω = (L1C1)−1/2 ﬂows in a
circuit L1C1 when P is switched on. This counterﬂow allows us to decrease the whole current to zero if
R2 > (L1/C1)1/2. The resistance R3 is used to make an initial charge of the capacitor C1. The high-speed
dc vacuum circuit-breaker has a control system. Using the voltage sensor, it checks the voltage across the
HTS element and forms signals to control the circuit-breaker drive and triggered vacuum switch. The HTS
element contains 4 latticeworks connected in series. The latticework is presented in Fig. 2.
Fig. 1. The principal circuit of the dc fault current limiter
model.
Fig. 2. The model of the current limiter with a cryostat.
It consists of 2G HTS tapes connected in parallel. A length of each HTS tape is 5 meters. The Super
Power HTS tape SF12100 with a critical current IC = 313 A was used.
Experiments were carried out using a test bench containing a capacitorC0 = 10 mF, a reactor L0 = 6 mH,
an auxiliary vacuum contactor K1 and a control system CS (see Fig. 3).
Fig. 3. The test bench.
The HTS element (R21 − R24) and the high-speed dc vacuum circuit-breaker B were connected in series.
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This circuit-breaker and the circuit of counterﬂow C1L1 (C1 = 5 μF, L1 = 21 μH) with a triggered vacuum
switch P, were connected in parallel. When the auxiliary vacuum contactor has been switched on a dis-
charging ac current iob with a period 24 ms starts to ﬂow through the circuit-breaker and the HTS element.
An amplitude of this current is adjusted by a change of the capacitor C0 initial charge voltage U0. The tape
is transited to a normal state and a voltage US across the HTS element increases when the current through
the HTS element is more then the critical one IC . The control system generates a signal to switch oﬀ the
circuit-breaker and to switch on the triggered vacuum switch when the voltage US was more than the thresh-
old value. The triggered vacuum is switched on when a distance between contacts of the circuit-breaker is
4 mm. The selected time delay is about 9 ms.
The counterﬂow ic f starts to ﬂow when the triggered vacuum is switched on. The current amplitude ic f
is more than the current ﬂowing through the HTS element ic f = UC(L1/C1)−0.5 > iS . Then a total current
through the circuit-breaker B decreases to zero and a current is broken. After the current was switched of the
resistance R of the HTS element is measured by means of the dc power supply at the dc current 1 A. These
measurements allow us to determine the temporal dependence of the tape temperature using the calibration
curve R(T ). A HTS element recovery time which was evaluated by measuring the tape temporal resistance
was about 1 s.
The currents idc and iS and the voltage Us across the HTS element were determined by galvanic untied
detectors LT1, LT2, and VD. The voltage U12 across two lattice is measured by the high voltage Tek-
tronix oscilloscope probe P5100. The electric signals are registered by means of the Tektronix oscilloscopes
TDS3024B and TDS3014B with the subsequent preservation and data processing using a personal computer.
3. Results and discussions
The oscilloscope traces of currents through the HTS element and the voltage across it are shown in
Fig. 4. They have been obtained in the current limiting mode for voltage U0 = 3 V. The dashed line
represents the expected fault current i f c for voltage U0 = 3 V without the fault limiter. The circuit-breaker
switches oﬀ a fault current in 9 ms after the voltage across the HTS element is appeared. The voltage across
the circuit-breaker is rapidly increased up to U ≈ L0 · diS /dt at the moment of the current interruption. This
voltage is limited at a level of 9 kV by means of the nonlinear resistance R1. This nonlinear resistance R1
shunts the circuit-breaker and the HTS element and the discharging current idc overﬂows to the nonlinear
resistance R1. The discharging current idc is decreased to zero during 1 ms (dashed-and-dotted line). The
Fig. 4. The oscilloscope traces of currents and voltages
across the HTS element in the fault current regime for volt-
age U0 = 3 kV.
Fig. 5. The oscilloscope traces of currents and voltages
across the HTS element in the fault current regime, for
U0 = 2 kV; 2.5 kV and 3 kV.
current iS and voltage U12 are measured for diﬀerent initial voltages U0 = 2.5 V and U0 = 2 V (see Fig. 4).
A decrease in voltage U0 is clearly seen to lead to a shift of the current oscillograms to lower times, whereas
the voltage oscillograms move to higher times. Such a behavior is related to the change of the derivative
di/dt. The time duration tlim from the appearance of voltage across the HTS element and switching of the
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circuit breaker was 9 ms in all cases. The tape temperature achieves Tmax = 250 K at U0= 3 kV for the fault
time tf = 9 ms. This temperature decreases linearly from 250 K to 185 K with the decrease in U0 from 3 kV
to 2 kV. The recovery curves of the superconducting state of the tape for diﬀerent U0 and Tmax respectively
are shown in Fig. 7. The sign star in this ﬁgure corresponds to T = 90 K.
Fig. 6. The temporal dependence T (t) in the process of the
current limitation.
Fig. 7. The recovery curves of the superconducting state of
the tape for diﬀerent U0 and Tmax.
4. Conclusion
Thus, the performed experiments have demonstrated an eﬃciency of our approach to the problem of the
fault current limitation in the dc networks. The temperature of the superconducting tapes does not exceed
250 K after the current fault that is acceptable to the tapes. This temperature excess is provided by the
total tape length 40 m and the fault duration time 9 ms for the voltage 3 kV. The limiting coeﬃcient of
the current was equal to 6 at the voltage value 3 kV. The design of our FCL and the construction of the
superconducting element have provided the recovery time about 1 s after the current fault. So, the resistive
fault current limiter in association with the dc current circuit breaker can eﬀectively operate in a wide range
of dc currents and voltages.
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